Introduction
Economic literature has devoted much attention to researching the impact of infrastructure investments on the economic growth and development of national economies over the last three decades. The first empirical research in this field was conducted by Aschauer (1989) , who analysed the impact of public investments on the production of the US economy between 1949 and 1985. He concluded that public investments in highways, public passenger transport systems, airports, production, transmission, distribution and supply of electricity and gas, as well as in water and sewerage systems made a significant impact on growth of productivity in the US economy. In addition to this, his study and results decisively contributed to a consideration of causes of the slowdown in the growth of total factor productivity in the United States in the 1970s. The most frequently highlighted causes included the decline of investments in research and development, the rise in energy prices, the oil crisis and the halt in labour migration from agricultural to more productive activities. Namely, Aschauer (1989) found that the slowdown in the growth of total factor productivity is associated with the slowdown in the growth of total stock of public capital in the US economy.
The above mentioned results, which confirmed that public investments in infrastructure had a significant impact on total factor productivity, inspired many economists to a further research on significance and economic effects of infrastructure investments. In this paper, special attention is paid to transport infrastructure. The economic effects of investments in transport infrastructure are numerous and include a positive impact on productivity of the economy, level of employment and business activity, volume of trade and availability of goods and services, time savings and reduction of transport costs, value of assets, as well as on many other socio-economic variables. Nowadays, economic literature pays most attention to the positive contributions of transport infrastructure investments to economic growth, i.e. growth of gross domestic product in real terms.
Various channels of infrastructure investment impact on economic growth can be identified. Banister & Berechman (2001) consider that transport infrastructure investments can lower the costs and raise competitiveness of products, which stimulates the production and contributes to economic growth, but it also opens the door to greater savings and investments. Investments in transport infrastructure also affect aggregate demand level by stimulating the construction industry, as well as a series of related branches of manufacturing industry, whose inputs are used in the construction industry (Munnell, 1992; Wang, 2002) . Furthermore, investments in transport infrastructure also provide positive signals to the key sectors of the economy and create positive expectations (Fedderke & Garlick, 2008) .
Most empirical studies on relations between transport infrastructure investments and economic growth rely on the approach established by Aschauer (1991) , Munnell (1992) and Holtz-Eakin & Schwartz (1995) , i.e. on the Cobb-Douglas production function. Thereby, infrastructure as a production factor is added to the existing production factors (labour and capital). The studies are carried out at the level of samples with several countries over a longer time period by applying the econometric methodology of panel data analysis. Besides the impact of transport infrastructure, researchers usually analyse the impact of other infrastructures, such as electricity infrastructure, water and sewerage networks, irrigation infrastructure etc. (Canning & Pedroni, 2008; Egert et al., 2009; Calderon, 2009; Straub & Terada-Hagiwara, 2011) . The results of these empirical studies differ among themselves in terms of the intensity of transport infrastructure impact on economic growth, while almost all findings agree on the existence of positive impact of transport infrastructure investments on economic growth, both in developed and developing countries.
On the other hand, some studies (Banister & Berechman, 2001; Aschauer, 1991) emphasize that transport infrastructure investment cannot create positive impact on economic development by itself, but the presence of a list of complementary factors in the economy is quite necessary. These preconditions include the presence of developed labour market, availability of funds for investment, existence of supportive legal, organizational and institutional policies and processes and presence of any necessary complementary policy actions such as grants, tax breaks etc.
Unlike researches carried out at the level of national economies, there are a very few researches which analysed relations between transport infrastructure and economic growth at the level of regions as lower territorial units, while studies on regional competitiveness did not include the factor of infrastructure (Zarić & Vuković, 2010) . Among these researches, analyses carried out by Del Bo & Florio (2008) , Cantos et al. (2005) and Stephan (2001) stand out.
Del Bo & Florio (2008) analysed the relation between indicators of transport infrastructure development and economic performances in 263 regions of European Union during the period 1999-2005. The indicators of transport infrastructure development included road, rail and telecommunication infrastructure, as well as soft indicators such as time-to-market and multimodal accessibility. The authors concluded that the impact of infrastructure was important for growth of regional gross domestic product in real terms. The impact of road and rail infrastructure appeared to be of less intensity as compared with the impact of soft indicators, considering already achieved high level of development of these hard infrastructures in most regions from the sample. Cantos et al. (2005) examined the impact of transport infrastructure on economic growth of 17 Spanish regions between 1965 and 1995. They examined the impact of road, rail, airport and sea port infrastructure and identified a significant impact of road and airport infrastructure. Thereby, the impact of road infrastructure is quite more intense, having in mind that road infrastructure represents around 60% of total public capital stock invested in Spain's transport infrastructure during the observed period.
Stephan (2001) analysed the impact of road infrastructure on the production of 21 French regions between 1978 and 1992 and 11 West German states in the period from 1970 to 1995 and identified a significant impact. More importantly, he found that there was no link in the opposite direction, i.e. that the level of regional development did not affect the allocation of infrastructure investments by regions.
All regions from the above mentioned studies correspond in their size to the statistic regions of the first and the second level of the NUTS 2013 classification. The aim of this paper is to analyse economic effects of transport infrastructure development at even lower level of NUTS 2013 classification, i.e. at the level of NUTS-3 statistical regions. However, given that at this level of classification data on most economic and transport indicators are not available, the analysis focuses on examining the differences in economic performances between regions with developed core trans-European transport network and other regions without the core network. Thereby, the differences in economic performances are examined for the available economic indicators, such as gross value added and its structure by economic sectors, employment rate and labour productivity. Capability of regions to attract investments, create value added and provide additional employment has a strong impact on regional competitiveness which is one of the most important components of sustainable development at regional level (Nikolić et al., 2016) .
Development of the Trans-European Transport Network
The policy of developing the trans-European networks in the fields of transport, energy and telecommunications has been an integral part of the European Union's policy since the last decade of the 20 th century. In addition, the Trans-European Transport Networks (TEN-T) are related to the European Union's policy towards the development of road and rail infrastructure, inland waterways, maritime routes, airports and road-rail terminals across Europe. Union guidelines for the development of the trans-European transport network define that the TEN-T includes a comprehensive network covering all European regions, and a core network that relates to routes that connect the most important points of the comprehensive network (European Parliament, 2013) . The comprehensive network covers 138,072 km of railroads, 136,706 km of roads, and 23,506 km of inland waterways and should be implemented by 2050, while the core network includes 50,762 km of railroads, 34,401 km of roads, and 12,880 km of inland waterways and should be implemented until 2030 (DG Mobility and Transport, 2017) .
In addition to building the necessary infrastructure and improving the existing one, the objective of the TEN-T policy is to remove bottlenecks and eliminate technical barriers that exist between the transport networks of EU member states, as well as to strengthen the EU's social, economic and territorial cohesion and to contribute to the creation of a single European transport area. The TEN-T policy also includes the promotion and adoption of innovative digital technologies and the use of alternative energy sources in transport (DG Mobility and Transport, 2017) .
Within the core network, there are nine major corridors, as follows: Atlantic, Baltic -Adriatic, Mediterranean, North Sea -Baltic, North SeaMediterranean, Orient -East Med, Rhine -Alpine, Rhine -Danube and Scandinavian -Mediterranean corridor. The planned investments in these corridors in the period from 2015 to 2030 amount to euro 853.5 billion, which equals to about euro 57 billion per year (Figure 1) .
Figure 1. The planned investments in the core TEN-T network by corridors in the period 2015-2030
Source: DG Mobility and Transport, 2017 The estimated economic effects of these investments, apart from reducing transport time and transport costs, also include the impact on gross domestic product of European countries in the total amount of euro 6,043 billion, as well as the creation of 17.57 million job-years in the period 2015-2013 (Figure 2. ).
Road infrastructure with its share of 47%, as well as rail infrastructure with its share of 46%, dominate in the structure of total investments in transport infrastructure of EU member states (OECD, 2018) . In the period from 2015 to 2030, more than 60% out of the total planned investments in the core TEN-T network refers to the rail infrastructure (DG Mobility and Transport, 2017) . Having in mind the importance of the core network and the assessment of its wider economic effects, as well as the structure of investments by type of infrastructure, the attention of this paper is mainly paid to the impact of road and rail infrastructure on the economic performances of European regions. 
Methodology and Data
In accordance with the findings of other authors presented in the introductory notes, at the very beginning of this research it has been assumed that regions with developed core trans-European transport network produce higher gross value added (total and per capita), achieve higher employment rates and higher labour productivity than other regions without the core network.
The sample includes ten countries in total (Table 1) . It consists of four EU member states with only one core TEN-T corridor, five EU member states with more than one core TEN-T corridor, as well as Serbia with its two corridors. In this way, the sample covered six out of nine core TEN-T corridors: the Atlantic, the Baltic-Adriatic, the Mediterranean, the North Sea -Baltic, the Orient -East Med, and the Rhine-Danube Corridor, as well as the corridors X and XI in Serbia. The NUTS-3 statistical regions of countries from the sample are divided into groups according to whether a core TEN-T corridor (road and/or rail) passes across their territory or not. In this way, three groups of regions are formed (Table 2 .):
1. Regions with developed road and rail infrastructure along core network corridors (TEN-T regions), 2. Regions with developed only road or only rail infrastructure along core network corridors (semi TEN-T regions) and 3. Regions without core network corridors (non TEN-T regions). Eurostat (2015) and DG Mobility and transport (2018) Data on gross value added by economic activities, population, and number of employees by economic activities are collected. Data for EU member states are retrieved from Eurostat Database (2018) on regional economic accounts, while data for Serbia are retrieved from Statistical Office of the Republic of Serbia Database (2018). The latest available data for all countries are for the year 2014. Gross value added is expressed at current prices. Labour productivity is estimated by gross value added per employee. Given that data on the employment rate, as well as data on the working age population at the level of NUTS-3 regions are not available, the employment rate is estimated as the ratio of employed to total population of the regions.
The hypotheses are defined in the following way: where E 1 represents average employment rate of the TEN-T regions, and E 2 average employment rate of the non TEN-T regions. 6. Null hypothesis H 0 : PROD 1 ≤PROD 2 , against alternative hypothesis H 1 : PROD 1 >PROD 2 , where PROD 1 represents average labour productivity of the TEN-T regions, and PROD 2 average labour productivity of the non TEN-T regions. 7. Null hypothesis H 0 : PRODm 1 ≤PRODm 2 , against alternative hypothesis H 1 : PRODm 1 >PRODm 2 , where PRODm 1 represents average labour productivity in the manufacturing industry of the TEN-T regions, and PRODm 2 average labour productivity in the manufacturing industry of the non TEN-T regions.
The method used to test research hypotheses is the t-test for difference between two means when population variance is unknown. This test is chosen because of its robustness with respect to departures from normality (Posten, 1984) . The t-score (t 0 ) is calculated in the following way (Petrović, 2006) :
Where 1 ̅̅̅̅̅ represents the average value for the TEN-T regions from the sample (i.e. GVA 1 , GVApc 1, GVAm 1 , GVAmpc 1 ,E 1 , PROD 1 or PRODm 1 depending on which hypothesis is being tested), 2 ̅̅̅̅̅ average value for the non TEN-T regions from the sample (i.e. GVA 2 , GVApc 2 , GVAm 2 , GVAmpc 2 , E 2 , PROD 2 or PRODm 2 depending on which hypothesis is being tested), n 1 the number of the TEN-T regions in the sample, n 2 the number of the non TEN-T regions in the sample, while s n1 , n2 is calculated in the following way (Petrović, 2006) :
Where 1 The critical values for t-test are defined by the following expression:
And in that case the null hypothesis should be rejected (Petrović, 2006) .
Results and Discussion
By comparing the average gross value added of the 157 TEN-T regions from the sample with the average gross value added of the 87 non TEN-T regions, it can be figured out that the TEN-T regions produce even three times higher gross value added, both in the case of all activities and in the case of the manufacturing industry (Figure 3) . By using the described methodology, based on the data from the sample, it can be concluded, at significance level of 95%, that the TEN-T regions produce higher gross value added than the non TEN-T regions. This conclusion refers both to the total gross value added and to the gross added value of the manufacturing industry (Table 3) . Similar results are obtained when comparing gross value added per capita of the TEN-T and the non TEN-T regions. Namely, the TEN-T regions from the sample produce around 30% higher gross value added per capita as compared with the non TEN-T regions, both in the case of all activities and in the case of the manufacturing industry (Figure 4 ). By using the described methodology, based on the data from the sample, it can be concluded, at significance level of 95%, that the TEN-T regions produce higher gross value added per capita than the non TEN-T regions. This conclusion refers both to the total gross value added per capita and to the gross added value per capita of the manufacturing industry (Table 4) . 
Source: Authors' calculation
Labour productivity is considerably higher in the TEN-T regions and amounts to euro 25,775 per employee, while in the non TEN-T regions it amounts to euro 21,014 per employee. Such a difference is even more explicit in the manufacturing industry. Labour productivity in the manufacturing industry of the TEN-T regions from the sample amounts to euro 33,703 per employee, while in the non TEN-T regions it amounts to euro 24,536 per employee. On the other hand, differences in terms of employment rate are not so high. The TEN-T regions achieve employment rate of 38,59%, while the non TEN-T regions achieve employment rate of 36,66% on average ( Based on the t-test, it can be concluded, at significance level of 95%, that the TEN-T regions are characterized by higher labour productivity than the non TEN-T regions. On the other hand, at the same significance level, it cannot be claimed that the TEN-T regions achieve a higher employment rate than the non TEN-T regions (Table 5 .) Such results imply that the effects of investments in trans-European transport networks on employment level, identified by DG Mobility and Transport (2017) and Schade (2015) who assessed that one billion of transport infrastructure investment create 24 thousands job-years on average, are quite less important than the effects on productivity which are a direct consequence of reduced transport time and transport costs (Schade, 2015) . 
Conclusion
Results presented in this paper identified the existence of significant differences in the level of gross value added and labour productivity between European regions with developed road and rail core transport network and other European regions without the core network. Particularly important contribution refers to the conclusion that development of the core TEN-T network has quite stronger impact on labour productivity through the cost reduction channel as compared with the impact on employment rate.
This research is carried out at the lowest possible level of territorial units, the NUTS-3 level, which has not been done so far. On the other hand, a disadvantage of this research can be found in the fact that at such low level of territorial units many indicators of transport infrastructure and economic development are not available. Therefore, it is not possible to conduct some more complex analysis of transport infrastructure impact on regional growth, but only to identify the existence or non-existence of differences in economic performances between regions with developed infrastructure and other regions.
